During the last 20 years almost 3000 uncemented total hip replacements have been used in the treatment of osteoarthritis and rheumatoid arthritis. The development of an axially located prosthesis is outlined, and the causes of failure indicated. Uncemented prostheses have the advantage of a relatively low mortality and morbidity and the rate of infection in particular is low. Interface pain, with or without frank prosthetic loosening, is the commonest cause of failure, but revisional surgery is relatively easy, and usually successful. Loss of function without significant pain may occur after many years from distal migration of the femoral component. The development of an uncemented metal-onplastic joint has produced better short-term results than the metal-on-metal articulation, probably because of its lower frictional coefficient and the use of a wider range of pelvic and femoral components.
Introduction
The popularity of uncemented total hip replacement has ebbed and flowed with surgical fashion. In the early days of bone cement, suspicions about its safety made many surgeons reluctant to use it, particularly in the United States. In the decade which followed its approval by the Food and Drug Administration in 1970, the use of acrylic as part of a total joint replacement became almost mandatory. The revival of interest in the uncemented articulation appears to be due to an increasing awareness of the long-term problems associated with total joints: loosening of the bond between implant and bone, migration of one or other component leading to loss of bone stock, fatigue of the femoral part of the articulation, with fractures either of the stem of the prosthesis, the cement, or occasionally the bone around, and the problems oflate onset infection. Clearly, in some patients revisional surgery in the course of their lifetime is going to be necessary, possibly on more than one occasion, and the problems of revising the cemented implant remain considerable. My own approach to the problem of the arthritic hip over the years has not changed; I think there are great merits in an operation which is easy to perform, is free from serious postoperative complications, is capable of giving a satisfactory result in the vast majority of patients and which, if over the years it fails, is easy to revise with a high prospect of success.
From the beginning of our programme of uncemented total hip replacement, almost twenty years ago, all the patients have been assessed preoperatively, and the results of the operation assessed at a year and thereafter annually until the patients either became disabled from intercurrent disease or alternatively died. Inevitably over the years there has been a considerable fall-off, but for all practical purposes this continuous survey has been a complete one. The pre-and postoperative assessment is transferred to a series of punch cards which can be rapidly counted electronically, and using a year-on-year analysis we have been able to compare the results of the modifications of the implants as they have been introduced, and to monitor continuously the progress of these patients.
Methods and results
During the last 20 years just under 3000 uncemented primarily total hip replacements have been carried out. There have been no deep-seated primary infections during the last 8 years, probably due to a combination of prophylactic antibiotics, a horizontal laminar air flow system, and an operation which is quick and easy to perform. The cardinal feature of the operation is the axial location of the pelvic component, using a long screw thread in the iliopubic bar of bone; not only does this produce minimal stressing on the fixation of the pelvic component, but it also permits its automatic orientation. The femoral component has been based on the Moore's prosthesis, and the vast majority of the implants have therefore been metal on metal.
The original implant was a hemispherical cup with a parallel screw thread, matched to an ordinary Moore's prosthesis, the two components being lapped together. The frictional coefficient was relatively high, and apart from the inevitable problem of some of them loosening, there was a problem of implant failure on the pelvic side of the articulation.
The acetabular cup was redesigned in 1967, producing a conical shape to its outer surface and a screw with a tapered thread; since then fatigue fractures have been minimal and the design of the metal pelvic component has not changed. Matched to that at this time was a rather narrow-stemmed femoral component; in 1969 this was succeeded by one with a valgus neck/shaft configuration. Whilst such a component diminishes the tendency of any femoral prosthesis to tilt, it has a secondary effect of increasing joint loading, and what one gains on the swings in terms of femoral stability one loses on the roundabouts in terms ofjoint loading and therefore prosthetic migration.
By the beginning of 1971 it was apparent that the major problems of this type of replacement lay on the femoral side of the articulation and at that point three sizes of femoral component were introduced in order to permit as tight a femoral fit as possible. These were based on the straight-stem Moore's prosthesis with a standard neck/shaft configuration of 150°, and have remained in substance unchanged during the last 10 years (Figure 1 ). The development at this time of the apical bearing produced a frictional coefficient which was far lower than that of the original implants although still rather higher than metal on polyethylene. The standardization of the prosthesis at that stage has permitted us to evaluate the results year after year and to find that they are reasonably consistent (Ring 1978) . At the end of five years (Table 2) 70% of these implants remain excellent, about 20% good, and the remainder can be assessed as fair or poor. Over this period of five years, 2% or 3% of the poor results will come to revisional surgery, and there is a similar percentage whose symptoms would justify a further operation if their general condition warranted it. Over the years just under 5% of our implants have been revised (Table 1) , mainly for loosening or implant failure, and I think it has to be accepted that in the uncemented joint at least, there is a 1% risk per annum of revisional surgery becoming necessary. In the main these failures have been converted with relative ease to cemented metal-on-plastic hips, and the results show that 81% of these patients then regained good joint function (Jones 1979) .
Migration of the implant occurs in a small number of patients either on the pelvic or the femoral side; in either case it may well be associated with a loss of function due to impairment of the abductor mechanism, it results in shortening and on the femoral side to an external rotation deformity. Our survey of the pelvic side of these replacements shows that upward and inward migration are very rare phenomena indeed ( Figure 2) , even in the ten-year follow up, but concentric loosening of a pelvic component can be seen in as many as 30%. Occasionally this is a progressive phenomenon in radiological terms, but is not associated with any deterioration of joint function.
On the femoral side distal migration usually stops at the trochanteric line ( Figure 3 ) but occasionally proceeds below, the leg passing into the externally rotated position and the limb is therefore short. Pain is rarely a problem and although the joint is substandard in terms of function it rarely requires revisional surgery for this alone. Greater difficulties may be experienced when the calcar resorbs. This produces an implant which is tightly held within the femoral stem and subjected to constant stresses; it is one of the causes of fatigue of a femoral Fatigue fractures of the current range of implants have been very few in number. Clearly such a fracture cannot occur unless the distal part of the implant is firmly held by bone and the part adjacent to the articulation is relatively loose. Such stress fractures usually require revisional surgery and such surgery is relatively easy, but a fracture of an uncemented implant is not necessarily incompatible with good joint function. Some patients with radiological fractures of three or four years' duration are totally asymptomatic and walking normally.
Most of our experience has been with metal-on-metal implants. The metal-on-metal joint has been criticized over the years for its relatively high frictional coefficient, the possibility of hypersensitivity arising to one of the metal components, and also the possibility of local toxic reactions, but none of these criticisms seems in retrospect to have great substance. Nevertheless, there are certain practical advantages in the use of a metal-on-plastic implant. We first used high density polyethylene as a cup liner (Figure 4) , but .the thickness of polyethylene demands a small femoral head and movement of the joint is therefore rather restricted. By using polyethylene on the femoral side of the articulation this difficulty can be overcome, but there is no doubt that the clinical results of these articulations were inferior to those of the metal-on-metal implant and, in addition, wear on polyethylene used on a convex surface has in our hands been a problem -not a major one but sufficient now to abandon its use. The wear products may produce cortical erosions in the femur of considerable depth, creating a most alarming radiological picture: in one case a stress fracture occurred.
Many years ago we developed a conical cup for use in revisional surgery and this was cemented into position using a single plug in the iliopubic bar of bone. This has now been adapted as an uncemented implant using the self-locking peg developed by Michael Freeman; by offsetting the mouth of the cap a conical implant can be produced which is stable at the time of insertion and also permits a full range of joint movement. These implants are available in external diameters varying from 45 to 55mm ( Figure 5) , and by coning the acetabulum to the appropriate size they can be locked securely in place. The femoral components used with this articulation all have a 32 mm head and are all solid stem configurations ( Figure 6 ). Over the last two years we have inserted more than 300 of these implants, and the preliminary results of those which have been followed for more than a year appear to be a good deal better than the uncemented metal-on-metal articulation and only marginally inferior to the results obtained using the cemented metal on plastic hip. These patients need to be followed for five years before it can be established that this is a technique which is going to stand the test of time, but it is some consolation that none of these hips has yet come to revisional surgery, and equally consoling that should it be needed in the course of time, such surgery should be easy to perform and therefore relatively successful.
Discussion
The problem of producing a stable uncemented hip replacement lies in the distribution of the stresses evenly throughout the femoral shaft and the pelvis. The use of the axial line both in locating the pelvic component and as part of the weight distribution seems to give relatively little trouble. With increasing experience it has become apparent that the femoral problems are only soluble, or at least only diminishable, by the use of an implant which really fills the medullary canal widely, and takes the stresses on to the calcar and the femoral cortex evenly. The main causes of late failure of total hip replacements seem to be as follows: (1) interface pain ; (2) prosthetic failure; (3) prosthetic migration; (4) replacement ankylosis.
Interface pain is the commonest cause of symptoms requiring revisional surgery and is probably due to points of high loading on the femoral component; it is not a feature of any changes on the acetabular side. It is characterized by thigh pain on weight bearing and may not be associated with any very definite radiological changes, although more commonly the phenomenon of calcar pivot can be seen with an implant which is passing into varus and has therefore a high loading at the tip of the stem. The calcar pivot phenomenon is common both to cemented and uncemented prostheses and is caused in the main by an implant which is inserted or passes into the varus position. The integrity of the calcar is an important part of an uncemented total hip replacement, and the production of the calcar pivot phenomenon is almost entirely due to the use of an implant which is too small for the particular femur in question.
Prosthetic loosening is often a misnomer: implants with a well marked zone of rarefaction around them rarely give rise to discomfort, and it may well be that this is a hydroelastic buffer serving to absorb the stresses which are applied to it. Indeed, it might be argued that all total hip replacements are loose because of the differing moduli of elasticity between implant and bone, whether this is cemented or not. On several occasions we have inserted a femoral component, produced a femoral shaft fracture and wired together rather loosely the shaft of the femur around the prosthesis: none of these replacements has given rise to any problems, even when followed for as long as ten years, yet clearly none of them was tight in the femur at the time of insertion nor at the time of subsequent weight bearing.
Most of the problems of uncemented hip replacement seem to lie on the femoral side of the articulation and in the implant we have been using we are relying on a good femoral fit and balance, accurate bone cutting and therefore an even loading of bone through both the flange of the implant and its tapering stem. Clearly this is not always successful, and should not be attempted in the absence of good bone stock, but one of the problems of femoral design is that the implant must remain stable but must at the same time be capable of extraction should this be necessary in the course of a revisional procedure.
The advantage of an uncemented implant must lie in the ease with which the operation can be performed and its relative freedom from postoperative complications; it must produce a result which is comparable with that of the cemented joint if it is to retain its position in a competitive world. There is abundant evidence that uncemented joints are easy to revise, and that the results of revisional surgery are good overall, in contrast to those in joints in which cement has been used as a primary procedure. Clearly, under these circumstances there is a place for an uncemented total hip replacement in the young and in the very elderly. Whether there is going to be a permanent place for it in those in the middle years of life will depend on whether the results remain comparable with the results which can be produced by a standard cemented total hip replacement.
